Terminal area energy management regime investigations utilizing an 0.030-scale model (47-0) of the space shuttle vehicle orbiter configuration 140A/B/C/R in the Ames Research Center 11 x 11 foot transonic wind tunnel (OA148), volume 12 by Hawthorne, P. J.
00000001
https://ntrs.nasa.gov/search.jsp?R=19760023184 2020-03-22T13:23:23+00:00Z
.°
r,
.L•
..- July 1976
DMS-DR-2254
NASACR-147,602
:_ VOLUME12 OF 13
:: " TERMINALAREA ENERGYMANAGEMENT .._... ii_'
•_ REGIME INVESTIGATIONSUTILIZINGAN O.030-SCALE _"
,°
• _J:...• .... MODEL (47-0)OF THE SPACE SHUTTLEVEHICLE
:_ ORBITERCONFIGURATION140A/B/C/RIN THE :
AMES RESEARCHCENTER II X II FOOT
_, . TRANSONICWIND TUNNEL (0A148) _
• 2_ -
• by
- P.d. Hawthorne
" .; . Rockwell International Space Division ....... _
PreparedunderNASA ContractNuinberNAS9-13247 " ' _ :_ "i
-" by ,: i
._._ Data ManagementServices :: ,
._.- Ch_sler CorporationSpace Division i
-. New Orleans,La. 70189 .._
:- i<
_: for _
Engineering Analysis Division
•... JohnsonSpace Center
National Aeronautics and Space Administration
Housten,Texas
............ - _"i_ _ ."" .......: " , .- .- . • -. . • .... •
00000001-TSA03
....'t:- L .... I
F
I
•WINDTUNNELTESTSPECIFICS:
T.. '
" Test Nun_er: ARC 11-073,
, NASA SeriesNumber: 0A148
Model:Number: 47-0
Test Dates: May 5 through May 17, 1975
OccupancyHours: 220
FACILITYCOORDINATOR: AERODYNAMICSANALYSISENGINEERS:
---: Stuart L. Treon S. Kraus
•._ Mail Stop 227-5 J• H. Reichert
;. Ames ResearchCenter RockwellIn_ernational
,, , MoffettField, Calif.94035 Space Division
_ 12214 LakewoodBlvd.
-,i. Phone: (415)922-5850 Mail Code AC07
:: _ Downey,Calif.90241
T_ _ Phone' (213) 922-4831
',;' •
.._._._ PROJECTENGINEERS:
, P.J. Hawthorne R.E. El lington
- d. Marroquln d.d. Brownson :
_. M..D. Milam ..... Ames ResearchCenter
.. Rnckwell International Mail Stop 227-5
_; . Space Division MoffettField,Calif. 94035
_ 12214 LakewoodBlvd.
- Mail Code AD38 Phone: (415)965-6262
"-_ .. Downey,Calif. 90241
Phone: (213) 922-3785
4
.,,,.
_., DATAMANAGEMENTSERVICES:
-_ . Prepared by: Liaison--D. A. Sarver
.- Operations--W.B. Meinders
............ ........ . . . ".. _ .: , ..
:i Reviewedby: D.E. Poucher
.=._ Approved:_}'J-['_'-.C rrF_J;Man'ager Concurrence: L• N_. D. Kemp, Man_ge_
.:> "DataOperations Data ManagementServices
- Chrysler Corporation Space Division assumes no responsibility for the
data presentedother than displaycharacteristics.
I
"-_- -- "--..._, . 2i_" -" "
00000001-TSA04
., _ - " i i¸" •
/
:.- TERMINALAREA ENERGYMANAGEMENT
REGIME INVESTIGATIONSUTILIZINGAN O,030-SCALE
.-
MODEL (47-0)OF THE SPACE SHUTTLEVEHICLE
.. ORBITERCONFIGURATION140A/B/C/RIN TIIE
._.. AMES RESEARCllCENTER II x II FOOT
_. TRANSONICWIND TUNNEL (0A148)
i
by
._ .... P.J. Hawthorne,RockwellInternatio,1_lSpace Division
_- ABSTRACT
•: This reportdocumentsdata obtainedin wind tunneltest 0A148.
)
The objectivesof the test serieswere to: i
....: , l) obtainpressuredistributions,forcesand momentsover the vehicle i
5 Orbiterin the terminalarea energym_nagement(TAEM)and approachphasesC
. of flight.
2) obtain elevonand rudderhinge momentsin tileTAErIand approach
phasesof flight.
3) obtainbody flap and elevonloads for verificationof loads
balancingwith integratedpressuredistributions.
4) obtainpressuredistributionsnear the short OMS pondsin the high ]
t
: subsonic,transonicand low supersonicMach numberregimes.
Testingwas conductedover a Mach number range from 0.6 to 1.4 with
; Reynoldsnumbervariationsfrom 4.57 x I06 to 2.74 x I06 per foot. Model
angle-of-attackwas variedfrom -4 to 16 degreesand angl(;sof side slip
rangedfrom -8 to 8 degrees.
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NOMENCLATURE !
:-- Plot
Symb_o1 Deflnition
.... Ab AB total Orbiter base area, ft 2
2
:.: Ai AI area over which PI acts, ft2
Asb ASB speed brake base area, ft 2
=_ b BREF, BW Orbiterwing span, in
...... bv BV vertical tail reference span, in
: .... CAu CAU Orbiteruncorrectedaxial force coe/fflcient
-. CA CA Orbiter axial force coefficient with sting
.... cavityadjustedto averagebase pressure
CAF CAF Orbiterforebodyaxial force coefficient.
-. CAsc CASC Orbitersting cavityaxial force coefficient.
- CDu CDU Orbiteruncorrecteddrag coefficient
i_i Chbf CHBF body flap hinge moment coefficient,about
c2_- hinge line Xo = 1532.0
Chei CHEf inner elevonhinge moment coefficient,about
hinge line Xo = 1387.0 I
• : Che° CHEO outer elevon hinge moment coefficient,about ihinge line Xo = 1387.0 i
• = CHeToT CHETOT total right elevon hinge momont coefficient
.C":":: CLu CLU Orbiter uncorrected lift coefficient
_=
C_ CBL Orbiterrollingmoment coefficient,bodyj .'.
•T:_ axls system
_,"" j.
-' i
......... • ...... _) j ,.
O0000001-TSAIO
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•:7 NOMENCLATURE(Continued) "_'
' P1ot
..- -
T.: Symbol._ Symbol Deflnltion
.'.: Cm CLM Orbiter pitching moment coefficient with
... sting cavityadju;tedto avera(jebase pressure,
-- referencedto OrbiterMRC.
..,-
:_'. Cmu CLMU Orbiteruncorrectedpitchingmomentcoefficient
CmF CLMF Orbiterforebodypitchingmomentcoef ,,ilent
_;- referenced to orbiter MRC.
: Cmsc CLMSC Orbitersting cavitypitchingmomentcoefficient,
• referenced to Orbiter MRC
: CNU Orbiteruncorrectednormalforce coefficient
•-'. CNu
- CN CN Orbiternormal force coefficientwith sting
.... ciivityadJu_tedtO aVe_'ag_ba__ ',p_eg_u_'_ ........................................................................................." -
i_.. CNF CNF Orbiterforebodynormalforce coefficient°
: CNsc CNSC Orbitersting cavitynormal force coefficient
Cn CYN Orbiteryawing moment coefficient,body axis system )
=. Cpi CPi surface tap pressure coefficient, port i,
....' (Pi"P=)/q 1
: t
:._ Cy CY Orbiterside force coefficient ._ =
• 1
C[x][y] C[X][Y] base area force and moment coefficients.
_. The first subscript(postfix) designatesthe '
•.. type of coefficiert,the secondthe pressure
- tap and it's associated area. The s_bolic
i vectors[X] and [Y] are definedbelow.
- Ix]=
" _ A A axial force
:- N N normalforce
: - Y Y side force
_- m LM pitchingmoment
n YN yawl ng moment
L. _ BL rollingmoment C)
'...T
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- NOMENCLATURE(Contlnued) __
Plot --_
__ Symbol Sj__bo_ll Deflnltlon
.-- [Y3-
1,2,3 1,2,3 aceas associatedwith pressuretaps |
4,5,6 4,5,6 _ithrough6 see figure2b
-- sc SC sting cavityarea
"i_ bf BF upper body flap area _
;. Ib LB OrbiterreferencebGdy length,IML nose
to Xo = 1528.3,in.
_REF LREF longitudinalreference'length,Orbitermean : ,
..... aerodynamicchord, in ._
;:-_ LU/DU uncorrectedlift to drag ratio,CLU/CDU ,
;_.
,... _
M MACH freestreamMach number
.- _ PHI angularcylindricalcoordinateposition ;
.. aroundOrbiterbody - deg. 1
"_.:..:: Pi Pi pressureat surfacetap i, PSF i.. = f e t mstatic pressure,PSF
-_ Pt PT freestreamtotal pressure,PSF
q Q freestreamdynamicpressure,PSF
°
_. RN/L unit Reynolds number, million per foot
_ S SREF wing referencearea, ft2
.. Tt TTR freestreamtotal temperature,_R
t.--- Xcp XCP/L centerof pressurelocationreferredto Ib
....: Xo/Lo XILB longitudinallocationof body surface,
fraction of body length
•._._'
•_!_:-..._
• _ .. ......
° i
i }" ,_ ....
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: NOMENCLATUR[(Co_no].ude_d_)
.-j.
_.2! Plot
•..=. Symho.l S_,y.mboI D_eefi.n_.it o n
•:? .
..... X/C X/CW chordwtse location on wing surface,
• fraction of local chord
,._ X/Cv X/CV chordwlselocatlonon verticaltail,
:-_. fraction of local chord
-. nv ZlBV spanwiselocationon verticaltail,
- fraction of vertical tail span
_2. ,.
n 2Y/BW spanwiselocationon wing, fraction
- of semi span
-..- Xmrp XMRP longitudinallocationof moment referencepoint
-= XT XT longitudinalmoment transferdistancefrom
Orbiter balance center to Orbiter MRC, in
:... Ymrp YMRP laterallocationof moment referencepoint
_- ZT ZT verticalmoment transferdistancefrom
Orbiter balance center to Orbiter MRC, in
' '- _ ALPHA angle of attack_degrees
.:L
_- B BETA angle of sideslip,degrees
:_i _bf BDFLAP body flap deflection,degrees
.:_=i aeL ELVN-L,L_ELVNleft elevon deflection,degrees
-_ 6eR ELVN-R,R.ELVI!right elevondeflection,degrees
_: 6r RUDDER rudder deflection,degrees
:,.:..:
.._::"=- 6sb SPDBRK speed brake deflection,degrees
..__
.::_'.:. Zmrp ZMRP verticallocationof moment referencepoint
'- $$ mask character used to indicate all
.":= possiblevaluesfor this test Ol through85
"":_. B - t
::.°.
• . ° ;
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•_ - REMARKS
--- During the c(_urse_f the test it was necessary to replumb the scani
valves. The resultant tim_ 1os_ necessitated deleting the priority 4 _uns --
': .i
which inc()rporatedthe use oF the metric vertical tail, . :_:..
_ Data obtained fram pressur._ taps 184, ?,Q6and 347 are suspec_ due
• slow leaks noticedwhile leakcheckingindividualmodel pre_sqr_*_
..... Body flap hinge moment data for datasetsRE800_+ RE8OObhave
" a -15%driftwhile datasetsRE8006and RESO07 f._.s a :iO%driftdue to dat_
recording system errors, System checks during the remainder of the test "
-".-:. ...i
: :: indicatea systemerror ot_ less than 4% for body flap hinge moment¢.ata. I
:;i Rollingmoment data has an approximate-.003 _ias in the coefficient.
.... The reasonfor thiswas not determined,but possiblesourcesarc fabrication
_,...._. tolerancesand/or differentialstiffnessof the leftand right elevon
.... panels.
,... Distortionof the instrumentedelevon shaft appearsto have occurred :--
• around run 310 due to model assemblydifficultiesand the maKimumloads en- 11:_:
.. counteredat these test conditions. A cmnparisonof measuredelevonde-
• - flectim_beforeand after the test with the nominalsettingis presented
below:
--:-- Elevon Panel Nominal Pre-Test Post-Test
=L_
C-;ii _ -I0 -9° 36' -8° 55'
--- _ _'4 -3° 34' -2 ° 55'
;. Inboard right +0° I0' +I° 02'
•.... +4 26 +4 28
_" lO +I0°32' +I0°39'
•"" -3 ° 34' -2 ° 20'
":: Outboald right _ 0 +0° I0' ' +I" 05 ' '
I°_-Z +4° Z6' +3° 5g' ",
0 +10°32' +I0°18' '
.; ('c * Inboardonly was measuredbut was the same as outboardpanel(seeRef 2) i
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CONFIGURATIONINVESTIGATED
The Rockwell Internationalmodel 47-0 Space ShuttleOrbiterVehicle _
T
was uLilizedin this test series. The model was originiallyconstructed
to -140A/Blines,but was modifiedprior to this test with the addition
i of the -140C OMS pods, six inch bevelledinterpanelelevon gaps and un- i.i_
coveredRCS forwardthrustorparts. To denotethese additions,the addi-
_ tionaldesignations"¢" (for -140C OMS pods)and "R" {forRCS thrustors) i
were added, and the slashesdeleted for convenienceon Table II(designated i
"-140ABCR").
: In data sets RE806g to 085 the RCS thrustorports in the nose were
?
filled reverting the configuration to -140A/B/C modified with body B26.
" The followingnomenclaturedenotesthe model components:
Component Description
B26 140A/B fuselage(VL70-OOOI4OA,VL7OOOOI4OB) ..
140A/B fuselage (VL70-OOO14OA,VL70-000145, VL70-OOO14OB,
B70 VL7O-OOOI43A,VL70-000139)with RCS thrustorparts (VL70-
08501, VL70-OB502, VL70-08296)
C9 140A/Bbasic canopy (VI.IO-OOOI4OA,VLlO-OOOI43A)
.. E44 140A/B elevons (VL7O-O002OO, VL70-OO6OSg, VL70-006092)
with six inch bevelledInterpanelgaps,no flipperdoor _.
• F9 140A/Bbody 'flap(VL70-OOOI4OB,VL70-O00200) . T
Ml6 OMS-RCSpods for 140C Orbiter
_..: N28 OMS basic nozzles i
• z R5 basic Orbiterrudder (VL70-OOO146A,VLlO-OOOO95)
_ V8 basic Orbiterverticaltail (VL70-OOOI4OA,VLlO-OOOI46A)
_ Wll6 basic 140A/Bwing (VL7D-OCgI4OB,Vt.7O-O002OO) ,,_
-_.
•.-..£
- " " j__ ......... i ii ............ --_
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CONFIGURATIONSINVESTIGATED(Concluded)
Designated configurations are:
-140ABCR- BTOC9 E44 F9 M16 N28 R5 V8 Wl16
-140 ABC" B26 Cg E44 F9 M16 N28 R5 V8 Wll 6
-. TEST FACILITYDESCRIPTION
:'_
._ The AmesResearchCenter UnitaryPlan ll- by ll-FootTransonicWind
Tunnel is a closed-circuit, air-medium, variable-density facility capable
of attainingMath numbersfrom 0.6 to 1.4 at keynoldsnumbersfrom 1.7 x _ I
- 106/ftto 9.4 x 106/ft. The test sectionis 22 feet long,and modelsare
l: installedon internalstrain-gaugebalancesmounted to sting-typesupport.! systems. •.............
:" Shadowgraphand Schlierenphotographicequipmentisavailable,and )l
pressuretransducerinstrumentationis provided. !
r
Tunneloperatingtemperatureis 580°R. Extendedhigh Reynoldsnumber
• runs are restrictedby power availability. :!!
, I
''i
o._
,)
,2.,'
. ./_."
F k
• ),!.. ft:_' 12
;i,,_ °
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DATA REDUCTION
,. StandardNASA/Amesdata reductionequationswere used•to reduce .... ,_
I
.;.i- forces,moments,and pressuresto coefficientform. Orbitermain balance
- force and moment coefficientswere computedusing the followingequations:
," Symbol Orbitermain balancemeasurement
;!5_.
•:__ NF Normal Force
AF Axial Force
.... PM PitchingMoment
_- YM Yawlng Moment ,
_ SF Side Force
'-. RM Rol11ngMoment
: CAu - AF / (q S) CLu - CNu cos _ -CAu sin
:,. ,. CNu= NF / (q S) CDu= CNusin _+CAu cos
.., Cy = SF / (q S)
-- PM CA" ZT CN" XT
Cmu=_ +qSc c c
R M Cy • ZT MomentTransferDistances
_ C_ =q_._b + "_
XT = 0.572 in.
.- Cn = YM Cy- XT YT = 0
- _ - b ZT = 0.450 in.
The Moment ReferenceCenterabout which the data was reducedis
.... Ioc_tedat
Orbiter (FullScale)
_ Xo 1076.68
- Yo 0
Zo 375.O0
Balancecoefficientswere groupedinto datasetsRE8055,
r- 13
!.
• " " : -- " ": " " ".-_...... •...... ._.-:-- .... :. -. _. ..... . . .- . .-,: .'- ......... . .--:....
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:i DATA REDUCTION(Continued)
Tii'
Hinge momentsand hinge moment coefficientswere computedusing the
• following equations:
Elevonhinge moments(inboardand outboard).
c. HMeI = (HMI-HM2)(MI/DI)+ HMI
:. HMeo = (HM3-HM4)(M3/D3)+ HM3
where
HMi = measured moment on strain gage i .....
D1 = distancebetweengages 1 and 2, .49335in.
J
• D3 = distancebetweengages 3 and 4, .45800in. _ _ '_i
M1 = moment transfer distance for inboard elevon, .93825 in.
, M3 = moment transferdistancefor outboardelevon, .92250in.
Elevon hingemoment coefficients I
_.!
_i Inboard,CHeI = HMeI 1 (q Se ce) :
'° : -,
Outboard,CHe° = HMe° / (q Se ce) I]I
Total, CHeToT = theI + CHeo " i
Se = elevon referencearea, O.189 ft.2 i
_ ce = elevon reference MAC, 2.721 in.
; I
._ Body flap hingemoment coefficient
•_i_ CHbf = HMbf / (q Sbf cbf)
_: HMbf = _,_easuredbody flap hinge moment
•t " i
i Sbf = body flap referencearea, 0.12834ft.2 ii
i_.- 14 J t
| w
_,"
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DATA REDUCTION(Continued) _
1
: Cbf = body flap referenceMAC, 2.541 in.
, I
,----- Hingemoment coefficientsare part of datasetsRE8X$$. ,
: Pressurecoefficientsfor all model orificepressuremeasurements L
: • [
•_."_'" were computedusing this equation: .... ]
- CPi " (Pi = P®)/q
.... i
-::_ where Pi = pressureat model orificei
., _,.
P® = tunnel static pressure
q = tunneldynamicpressure
Other data reduction constants include:
-- S = wing referencearea, 2.4210ft.2
_. c = wing reference chord, 14.2443 in.
• _
_- b = wing referencespan, 28.1004in.
i.i After the data had been reducedto coefficientform by NASA/AMES,DMS
i_ interpolatedit to nominal_'s and 8's. Then 2 types of base and sting
---- cavityarea coefficientswere calculated. When they are applied3 types
::.., of balance coefficient data exists. These can be distinguished by the
"'- last subscript(symbolicname) or postfix (mnemonicname). The key is
._
..;_ given below
•:.i U - uncorrected coefficients.
2
:. " coefficientswith sting cavitypressurecorrectedto
•! :. base pressure (without a suffix).
-_ F " forebodycoefficientswith the base area pressure
_, correctedto freestreampressure.
•..-._
_, (r 15
,,
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DATA REDUCTION(Continued)
• l
Only the correctioncoefficientsassociatedwith base pressuretapes 1
.
• through4 were appliedto the longitudinalorbitercoefficients.
Figure2b illustratesthe base area associatedwith each pressure i
tap. Alphabeticcharactersbf and sc designatebody flap and sting cavity
areas,respectively. Base area coefficientnames have a numericcharacter
which designatesthe pressuretap number. Base coefficientsfor vertical
tail areas 5 and 6 were calculatedbut not appliedto the total orbiter
coefficients. Base area coefficientvaluesare tabulatedin the appendix.
A detailedderivationof these coefficientsfollows. It is concludedby
• a matrix of base area geometricproperties.
The orbitersting cavityforce and momentcoefficientswere computed
._: as :
+
(cp2-Cpl)Al
: CAsc = S
(Cp2 - Cpl)Al tan 12.55°
; CNsc = S
Zt Xs.__.cc
Cmsc = CAsc-c-" CNsc c
The orbiter force and momentcoefficientscorrectedfor the differ-
ence betweenbalancecavitypressureand orbiterbase pressure:
-: CA
. = CAu - CAsc
:_ CN = CNu - CNsc
Cm
!: = Cmu Cmsc
!_, These orbitercoefficientsare part of datasetsKE8055.
.I
: I._ 16 )
+ ,+
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_:I. DATAREDUCTION(Continued)
Orbiterbase force and moment coefficientswere calculatedas follows:
., !
.L,----- Upper base area
_+ CN2u = -(Cp2 A2u tan 16°)/S
. ; CA2u = -(Cp2 A2u)/S
.... Cm2u = CA2u Z2u _ CN2u X2uC C
i
Lower base area
CN2_ = -(Cp2 A2_ tan IO°)/S ............
_ii , CA2_="(Cp2A _I/S
Z2_ . X2_
--.- Cm2g = CA2g _ CN2g c
Total base area, A2
"(= CN2 = CN2u + CN2¢
CA2 = CA2u + CA2g
--: Cm2 Cm2u Cm2__2_. = +
.:.
'k::"
._ 0MS pod base area A3
•:)_ ,
• ) .
_ (This assumesthe surfaceis perpendicularto the orbiterX-axis)
_-i
__ CA3 = -(Cp3A3)IS
•-. Z3
' Cm3 = CA3
,_ C
_ OMS pod base area A4
.= (Thisassumesthe surfaceis perpendicularto the orbiterX-axis)
_- (
I!. , , 17
i:I-
• i ..-.. . ._, .. _;..._t• -,, .... , .
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DATA REDUCTION(Continued) '.
_ CA4 = -(Cp4 A4)/S
Cm4 = CA4 _
m
•"- Coefficientsfor the above areas are groupedinto datasetsEE8D$$.
'..........................................Uppersurface-of body flap
=-Cpbf Abf sin (6bf + 6.88°)CAbf S
.; -Cpbf Abf
'- CNbf - 'S cos (6bf+ 6.88°)
..- CAbf Zbf CNbf Xbf
Cmbf = -_ '
.,- C C
where:
Cp200 + Cp201 + Cp204 + Cp205
Cpbf = 4
-- The orbiterforce and moment coefficientsadjustedto free stream
" _ pressure (forebodycoefficients).
- (-Cp_ A1 +i_= 2 CAi + CAbf)- CAF = CAu - ..
_.- CNF = CNu -(CN2+ CNbf)
:
These orbitercoefficientsare part of datasetsKE8055.
, Verticaltail "undercarriage"area, A5
Top Segment:
.- CN5t = (Cp5A5t tan 63.75°)/S
{)
_- 18
j'i•"
i!'
t!.:
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_TA REDUCTION(Continued)
. CA5t - _ (Cp5Ast)/S
' Z5t Xst
-- " Cm5t = CA5t T " cN5t
" HIddl e Segment:
CN5m = (Cp5 A5mtan 26.1426°)/S
-- = . (Cp5 A5 )/S•; CkSm m
-_, Cm5m = CA5m -_-Z5m.CN5m -_-X5m
__._: Bottom Segment: _
CNSb= (Cp5 A5b tan 21.94°)/S
-T,,_T CA5b= " (Cp5 A5b)/S
:'" Cm5b= CA5b ZS-.-_b . CN5b Xs.--_b¢ C
Total area, A5:
- CN5 = CN5t + CN5m+ CN5b
-:, CA5 = CA5t + CAsnl+ CA5b _
.T:
,i_,.i; CH5 = Cm5t + Cm5m + Cm5b ....
/i:.il Vertical Tall base area, A6:
.;. Segmentabove rudder
--- CN6u = (Cp6 A6u tan 63.75°)/S
- CA6u = (Cp6 A6u)/S
Cm6u - CA6u Z6u X6u
. _" CN6u -_-
1o -..
1
O0000001-TSBIO
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,/_ DATA REDUCTION (Continued)
"_° .o
Rudder/Speed Drake base:
= CA6_ = Cp6 Ad.,_ [sln (e-55,1667°) cos 55,1667"
+ cos (e -55,1667")sin 55,1667"cos (dr)]/S
;: CN6_ Cp6 A6 [sin (e - 55,1667°) sin 55,1667"
.- - cos (e-55,1667°) cos 55,1667° cos (_r)]IS
_. Cy6_ = Cp6 A6,_ cos (e -55,16670)sin 6r/S
- Cm6_ = [CA6_ (Zd_) - CN6 (Xd_)]Ic
: C£6£ = [Cy6_ (Zd_)]/b
T"
• Cn6_ • -[CY6 (Xd_)]/b
3.797715 - .823715 cos
Ad_ = A6_/sine
. Total area, A6.
CA6 = CA6u + CA6_
i'...
..- CN6 _ CN6u + CN6g
.... , CY6 = CY6_
::_- Cm6 = Cm6u + Cm6g
. : C_6 = C_6_
• Cn6 = Cn6_
•_ Verticaltail area coefficientdata are groupedinto datasets6EgD$$.
• . - ..
:';: 20 )
r_
"_._ _
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- DA]A RI;p,IJCTION (Continued)
...._L.-
.D
2"; -_sb A6_ f.t,:'
D O. 0066036
- -" 25 0. 0456(100
.- 35 O.0621000
•--, 55 0. 0950800
" 85 O. 1551400
- X6_ = 15.045 + 1.442277 If-cos (asb/2)]
-- Z6_ = 9.755 + 0.501827 [l-cos (asbl2)]
.,
m
- Standard DMS loads cycle test procedures were used t.J process the
"" 0A148 pressure data. First numerous pressure distribution plots were
" released. Analysis of these produced bad pressure data llst. This list
is reproduced below:
• .°
-°•
.,, °
•...°_
,•.'_
.
o .
• ,:o "_
N
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/DATA REDUCTION(Continued)
OAJ48 Bad PressureData :
•' Dataset Tap
Compon_en.t .__N.o._ No. _
Fuselage l 143 4 -4 ....(B) l 14B 4 -4
1 150 4 -4
l 152 4 -4 "
1 186 4 -4 ....
l 187 4 -4 -
l 18g 4 -4 "
1 Igl 4 -4
1 193 4 -4
Lower Wing 1 + 7 231 ALL ALL
(L) l + B5 290 ALL ALL
1 316 4 -4 '
l 317 4 -4
l 337 4 -4
1 33_ 4 -4
_--- 1 358 4 -4 -- _i
: 1 378 4 -4
1 37g 4 -4 ;
l 398 4 -4 :_.....'
Upper Wing 1 -,- 7 247 ALL ALL ;
(U) l 357 4 -4 i
Body Flap (F) 24 205 -4 tE " I
--- Speed Brake (K) 1 + 85 822 ALL ALL
• VerticalT_il 8 443 ALL ALL
(V) ALL 1444 ALL ALL
:, 79 1453 -4 -4
79 1454 -4 -4
"..R..
Note: Wind tunnelpressuredata tabulatedin the appendix
have the originalbad data values.
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• :
,°
These p_tnts k.ere eliminated from further processing. The remaining data
were interpolated to nominal alpha and beta values. Processing was com-
pleted with the release of a magnetic tape containing the final Interpo-
lated pressure coefficients.
This report contains plots and tabular listings for both force and
pressure data. Plotted force data illustrates lateral-directional, longt .....
tudtnal and hinge momentcharacteristics of the configuration tested.
Plotted pressure data illustrates the effect of several control deflec-
tions and attitude changes on local pressure distributions. The multiple
volume appendix contains a tabulated ltsttng of the basic _orce and pres-
sure data. Listing of the interpolated b:,se area coefficients is also
Included. The plotted and tabu'ated data are arranged in the following
manner:
VOLUME
NO, CONTENTS
1 Force data plots showing lateral-directional
longitudinal and hinge moment_haractertsttcs.
2 Plots illustrating the effect of control surface
deflections on fuselage, wing and vertical tail
pressure distributions.
24
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J
DATAREDUCTION(Concluded) _iVOLUME "
NO, CONTENTS
'7
3 l'abulated Force Data ........
Dataset Data _ype
RE8055 source balance coefficients _
.... 2- -
RE8X$$ source hinge momentcoefficients _
RE8Y$$ source base pressure coefficients
KE8055 interpolated balance coefficients
adjusted for cavity pressure and
forebody coefficients ._
EE8D$$ Interpolated base and cavity area
FE8D$$ coefficients
GE8D$$ interpolated verttcal tat1 base
area coefficients
Tabulated Pressure Data
Fourth _
Component Character* Page _.
4, 5 orbiterfuselage B 1
6,7,8 lower wing L 1271
9,10,11 upper wing U 3147
12 upper body flap F 5405 :
12 lowerbody flap G 5774
13 speed brake K 6143
13 verttca] tat1 V 6547
* The fourth character in each dataset identifier (i.e., XESBXX,B for
Fuselage) represents the indfvtdual component.
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._ .....
• .- 1. SD75-SH-0106, "Pretest Information for 0A148 of the O.03-Scale
:_:- 47-0 Pressure Loads Space Shuttle Modol tn the 11 x _1 Foot Leg
__: of the NASA/ARCUnttary Plan gtnd Tunnel," Aprtl 18, 1975.
:" 2. HG-75-07-11, Rockwell International Corporation Internal Letter:
.i_.' "Model destgn Dimensional Vartftcatton Task 36: Elevon Deflection
=; Angle Check of the O.03-Scale SSV Model 47-0 (140A/B Configuration)", ]:-..- . SAS/gTO/75-283, duly 29, 1975.
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/TABLE I
-. ,, tit . • ' i ':!
" C DATE,197
TESTCONDITIONS
n • In
REYNOLDSNUMBER DYNAMICPRE_URE STAGNATIONTEMPERATURE r ........
.. MACH.NUMBER L' (Petfoot ) (poUs/_l.inch) (d_pmFnffimhelt)i | ii | i t i i imll
o._n , 4.s7x lo6 .... [ 4_1_ , I_Q ,
o.'_g ' 3.41 x 1oG 4.166 120
, l.IO . s.n_i x in 6 4.lee 12O ,_
I_;)A P_A_;x 1N6 , , 4.166 ]_0 ._
.... 1.4n 2.74 x 106 4.1_G ' 120
ii i
• i i I
i l i i , --,,
u nl nu
p Ul
i I ,- ,_ p i
I i J
ul i I i i "_"
BALANCEUTILtZED: ARCTask, MKXX"A,
COEFRCIENT
CAPACITY: ACCURACY: TOLERANCE:
NF 3000 lbf/qage , , . '
SF" ISOQ lbf/qage ,
AF _
PM _bf
RM 4000 In-!_bf ,. "
YM 10,500 In-lbf ii l Ii i il
COMMENTS:Maximumnormal and side force dependent upon potnt of
applIcation
C
27
' O0000001-TSC04


o.
4 ............t ] I t 1 !
i
t
tL '!
-: ] t' ,
u
•- i_ _ - -
"," ¢, J ,,..T"_ '_v, j . _ ,-- .., -_ o:. _ ....o- ,.9 = ..
:_ - _ 0 Q ,,,.--..-."-- g cz r
• Q
o_o am
•" Z'J _i N _ rO . ,
- o_ _,_ "
"
. . _ _ oi_ _ ..
U
,_ ._ _ "-
_- _o _ y .=
" 0
_,,_. _ _ _ .o",3 J :, " ;-
4 ,,n _o
_'0 O' 0 o'
o• # _ 8 a •
,- u ,J _) .
_ _ 0 •0 0 0
:,-,, t'}
._ _ _ < ¢ •
..a" O _ O e 0 ., 0 _ 0 0 0
" 121
:.:, - .
'11 .
t.,--', 2"
00000001-TSC08

4t
d
O0000001-TSCIO
t I¸ l
,. 1
=ff
._ TABLEIII :
MODELDIMENSIONALDATA :_p I
.'..! -"
i -
"; MODELCOMPONENT: BODY- B,,_ _
, GENERALDESCRIPTION: .....C_onfimn'Attonn_OA/B orbiter f'...l=_
' N_OTE.:B_=__is i_d_ent_c_lLo B.?j,except_underside of tuusal=u_ahe. b-Q&_
, refaired to accept WI__!$. _ ....
• ...
AMQD_;, SCALE: 0.030 MODF/. DRAWING: S_-AOO]LT: R_,msa 12
DRAWING NUMBER" 1/T.gD_1L_R .ftf_3 .Z)f1_mS; "_9. -Nr1_]l,5_
- VLT0-(XX)I4()A_ =O00140B
:"" DIMENSIONS'. FULL SCALE MODELSCALE
"'. Ler_,%h(0ML: Fwd Sta. X0 =239)jln.1293.3 38.799
.:;" Length (IML: Pwd Sta X =238),In_ 1290.3 38.709
MaxWidth(rg X0 = 1528.3), In. _ ___
:r.
MaxDepth(_ X0 = 11+6_), In. _SO.O 7.5OO
_', FinenessRatio O.26_.
:" Area - Ft2• • i
" Max.Cross-Sectional 3kO.88 O._:)68
:- Planform
°
'.. Wetted ,.,
_ =11
•- Base I
.7"
I
..._
34
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• TABLE Ill (Continued)
MODEL COMPONENT:_ _BOD.Y - B,,,I v
GENERALDESCRIPTION:_ Confim_ation I_OA/B _btter fuA.l=_m_with
forward fuselage RC_Sthruster ports_ otherwise B_n is tdentic_l to
._m_ , i im _ •_ J, .,
B_.
MODEL SCALE: 0.030
DRA,..G.U,BER' __+o-000O, -ooo.
1170-000205, :089, -008501,-008502,.-008296
,!
DIMENSIONS: FULL SCALE MODELSCALE
Length ((]HI,: PwdSta X0,=235), In. 1293.3 38.799
Length(D(L: Pwd Sta X0 =238)j ll_ 38.709
MaxWidth (@X0 = 1528.3), In. _ '/.am
Max Depth (@ X0 ==IA6_), In. . _50.0 7,_aO ....
FinenessRatio Q,_A_ (_.9_ ,, ,
Area - Ft,2 .... '!
Max.Cross-Sectional 3kO. 88 0.3068
Planbrm .......
Wetted ....
Base _ , _,j
35
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MODEL COMPONENT :. .CAN()I'Y- (:9
GENERAL DESCRIPTION: C(_n.t'im,r&tio_ 3A. __C_nooYu:ed wlt_htu:_lJ._e
L
MODEL SCAI_.: 0.030 MODEL DWC,: ;;S-AO0_?,_.Re!,_aee ].2.........
u
DRAWINGNUMBER' VI.,?O-OCX)II_3A_
DIMENSIONS: FULL SCALE MODELSCALE
_ Length (X0,-_3_,6_3to 5'/8), In. _ J,,._Ol
-. MoxWidth(eXo"_513.iZ/),In. i_2.Ai2 _.572
Max Depth (@ X0 = _85.0), In. .... 2,5,00
FinenessRatio _ ,
Area .... .
i;
Max. Cross-Sectional .......
i
_. Planform
°_,
"_ Wetted ..... J,IL
: Base ....
2 ..
-._
_:. 36 !
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TABLE I I I (Cont *d )
_f)D[ t CUMP[)NFNI KI_:vnN.--I.__
(;r NERAL I)ESCRIF;TION ,_._0 In. F.L;. ,_m[mmchJLnq_Lj3_kg__
Fllt_}.r doora (:_nt_rtiody Td.eces. and tA_eela are not. _imulatad,
(Data are for one of two s_des.)
._MgDF,I SCAL_:: 0.0_0
, ,, • , n u : .:
DRAWING NUMBER _
- DIMENSIONS FULL SCALE MODEL SCALE
-" Area - Ft 2 210.0 0,189
J
._pcn (equivalent) , In. _&9.2 _ ..i0._76 -
Inb'd equivalent chord, In. 1.18.0 3.5_ __
_ Outb'd equivalent chord p In. ___ 1.656 ,
" Ratio movable surface chord,/
rata! surface chord .......
At inb'd equiv, chord 0.2096 , 0.2096
At OutS'd equiv, chord ----.._.----O'h'OOE --O'_OOh'
.... Sweep Back Angles, degrees ..... ;:;-
:_ Leading Edge 0.___..____ 0.00
•- Tro, iing Edge _ - 10.056 ._
" Hingelinc 0.0 0.0
- (Produc% of ArBa & _)
.: ArenMoment(_e) ,Ft31587"25 0.0/_29.....
Me_n Aorod.W_amicChord, in. 90.7 2.'121
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TABLE:TIT (Cont,'d)
!
_ MODEL COMPONENT:, BODYFLAP - F_
GENERAL DESCRIPTION :. Contiguragion I_O._A/B
._oD_LSCA,,_.o.o)o.....
_ J
DRAWING NUMBER' .., VL?O-OOO!_.OB, .'00020(]
•DIMENSIONS : FULL SCALE MODEL SCALE
Length (Chord), In. 8_f.7 2.561
Max Width , In. 262.308 ?.869
'+:- Max Depth, In. 23.00 0.690m
Fineness Ratio .... , , . , .
A a Ft 2; re - . .....
Max. Cross-Sectional
• • m
•_ Planform lk2.60 .0.128
°
:" Wetted I _ HI
l l Base 61.90 0.0377,,== ii |
I:
: 7
• . j+ )
2-
._- 38
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/- TAN_ III (Cont'd) _,
]
: MODEL COMPONENT :. OMSPOD - M16 )
GENERAL DESCRIPTION : ConfiKuration l&OC orbiter 0t43 ood - shor_ ood. '_I
_er_ru__ ! conto_ur i s to reterer_¢ed dr&_rlruzs w_th 1/2" added to simulate
2
TPS. . _
MODEt. SCALE: O,015 ...... ._
DRAWINGNUMBER' _VLTO-4XI_.O1. .-_,10 ....... _t
...._
,?
DIMENSIONS: FULLSCALE MODELSCALE .i
Length (OK5 Fwd St_ X0 -1310.5),Iu_.2_IL._.._ ?.755 !
Max Width (@ XO = 1511), In. i_6,8 4.10_t
....jill.
Max Depth (@ X0 = 1511), In. 7/_.70 2.2&I , I
i_ i1
FinenessRatio @-/tS_' 2-/t8_ ii!
I
...... Area - Ft 2 i
..... i,.i J 1
I
Max. Cross-Sectional 58.86_ .,,, 0.,0,53 ..... .]....... I i Ji_ . ,+
P,on,o, ________ iii 1
......... i
") ' iWetted -,-:
"=" i
Base .._ 1
....... ]
._. -=
]
-_
)!
_, ir.
_,_ 2
r "Jn
00000001-TSD02
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_-'... OMS TABI_ III (Cont'd) i'_ '
: MODEL COMPONENT: _ NOZ'//_':_;- N28 i
. GEI_PJ_L DESCRIPTION: Confip.uration ._QA/B orblte_ _MS noz_las_ ,
MODEL SCALE: O. 030
• . , --. )
i
. DP@_G NUMBS.R: VLTO-OOOI&OA (Lo_ation). SS-AOOIO6. Release _ (Con_o._) ._
DIMENSIONS: FULL SCALE MODEL SCALE .
. _ MAC_i NO.
.... ,t
LenGth - In.
Gimbal Point to Exit Plane ......... : ......
• , Throat to Exit Plane ............ :
: .... ,,..... ,_
:_ DiameterExlt- In. ........... _ _.
Throat !
"= : Inlet
', /
Area - ft2
_ :. ExitThroat i
Gimbal Point (Station) - In.
- - Left Nozzle
_ : Xo ,zsze.o _5.54 :I
.... ¥o - _.o _.____ _.
.._._ zo =92. _ 4
'" Right Nozzles 1
_ Xo zSze.o _ ]: ¥0 8-8.0 :i
•:.. zo --wzr- _Te_- 1
: Null Position - Deg. ._,
. Left 'r Nozzle
Pitch 1,5oA9, .. 15o&?, _
: Yaw 12 "17 '
• Right Nozzle
• i: Fitch i_' 1}o47[
;" Y_v 12°i_7/__ 12"17, 1
: i
:'.. ORIGINALPAGE IS .'
i" OF POORQUALITY 40 1
' 00000001-TSD03
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TABT_ III (Cant'd) _i
MODEL COMPONENT • RLI_DER - R5 _:,!!
' GENERAL DESCRIPTION j Confili_ur_l.t_ion "140C orbiter l-udder (Ident_.P..&l to _,
.- e onft_ur&%ton 140A/B rudder). ,, ._
i i i J i_ i i ,_
MODEL SCALE: 0.0_0 ' ;_ "
.
DRAWINGNUMBER VLTO-OOOlh6B,-000095 ...... _,
..... - • . .:, . .: . ..... : .: .. . • . ,. , ....
i
:.: DIMENSIONS FULL SCALE MODELSCALE
i
• Area - Ft2 100.15 ..O'OqO . ._
;, Span (equivalent), In. _201.00 .6.030 J _t
"":_ Inb'd equivalentchord, In. 91.58_.. 2.7&8. i
,i_ "_!
" _0,811 i._2_i - Outb'd equivalent chard, In.
_. Ratio movable surface chard/
total surfacechord "
- At Inb'd equiv,chord O.&O0
_" O.&O0 0._00
•- ,. At Outb'd equiv, chord ,
Sweep Back Angles, degrees ,
'-'..i LeadingEdge 3&.83 3&.83
"_.,- 26.25 26.2,5
: Trailing Edge ....... :_
Hingeline _4.83 3_.83 :!
:_ (Product,of area_ '_)
:_. Area t_oment .......... ,F%___ _.
2. Mean Aerodynamic Chord, In. 73.2 2.196
•_ri' (
.. . .?,
; • .,:
i
;1..
1
i,
..... ..... 00000001 -TSDO,_
.... [.....................I t I I¸ i¸ I
¢
>.
• TABLE III (Oont'd) ._
...... _oD_co_o_. WRTIcI_L-%
_ OENERAL DESCRIPTION: Confif,ur&tion I_OC orbiteF vgrtic&l tail.
:i_._: (Identleal to configuration I&OA/B v_rtical tail.)
, -..'
" MODELSCALE: . 0.030
; _E
:= DRAW_aGNUMBER: VLTO-OOOIAOC.-OOQ_6B
•T DIMENSIONS: FULL SCALE MODEL SC_LE
:_ TOTAL _TA
i ........
• .!
-, i_rea(Tbeo)-Ft2
_..:, n&,_or= -'_.a53 ....6.37a '.-
span(Tneo) - In. 315.72 9.&72 ....; -i
_ Aspect_tlo 1.675 ____._ _ ,
;( I Bate of Taper O. 507 _.__
Taper Ratio _....O.=_J_L_ O.AO& ....
-.-- Sweep-Back Ansles, Degrees.
Leading Edge &5_O00 &5.0_O
•;- O.25 Element Line _ __
Chorda:
.:". Root(Theo) :_' 268.50 s.os_ _
' TIp (Theo) "EP ;_98.&7 ___
-, _o __ __LagS__
•-' w._.of ._5 _c _
::,:_ B.L. of ,25 MAC 0.0 ______
• ._
•-z Airfoil SeeLLon
":_' Leadir_._Weclze-,n61e- Deg. iO.O iO.O -_
--: TTailin43Wed(_eAr_!e - Deg, 3_.92•; Le din6 Edge Radiu'. 2 0
.i',.. Void Area 13.17 0._..___19__...
" Blanketed Area 0.0 O,O ._
..:.<
/
. . ,..
•....,
• .
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TABLEIf!(Uonl'd)
I_DEL COMPONENT:WIN_-W__L...... j ---- _1 . _ _ i i j I i i
..... GENERALDESCRIPTION:Conf_xur&tion A,.... ... I • _ I II I I I
NOT_: Identical%o W_L exceptairfoilthi_neaa. Dih,_al ,nml- is alg_
• . trailing_edReof winK.
MODELSCALE: O.O30'o" I _J ii i _ i i [ ] _ • i i _J i I
"" :_.::': TES_' ,0_* MS,, _0. IIVL?O-'OOO]J_OA I ,,O00_O0
.t•..
-" : DIMENSIONS: FULL-SCALE I_.DELSCALE
TOTALDATA
:'.:: __eo.) Vt2 :
" ::. Planform 6_
.... Span (Theo In, ' ._ 28.10
- Aspect Ratio _
_. Rateof Taper 1.177 1,177
" Taper Ratio Or200 0.200
_..- i: Dihedral Angle, degrees 3.500 3.5o9
-.. Inc1dence Angle, degrees o. 5oo
• :: AerodynamicTwist, degrees , a , , i, i|
.. ,: SweepBackAngles, degrees . _,
'.; .- Leading Edge _ _5.000 }
--- Trafltng Edge _. 10[o}6 - lo.056 i• - 0.25 Element Line _ _Chords:
" " Root,(Theo) B,P,O,O, _ 20.677. _Tto, (,Theo)B.P. _ _
MAC
' Fus. Sta. of o25 MAC _ _ _
_ W.P. of .25MAC 299,ss _ ;
;i:I---. B.L.of .25MAC , _
KXPOSEDDATA i
,i:- - Area {,Tlieo) Vt'2 _ l, 576 ,
._ Span,(Theo) In. SPlO8 _ _ i
: Aspect,_t'io ,,_ 2,,959 ,_ _.OS9 _ (I.
: - Taper Rat,io 0._5 0.2_5
. Chords !)
: Roo_BPIO8 562.09 _
_" Tip 1.00b _ _ )
MAC 392.e  i.7S , )
I': : ' Vus . Sta. of .ZS MAC ZleS.98 _:..= W.P. of ,?.5MAC I I 295-30... _.829
T B,L. of ,25 MAC .2._1.77 _ _. 555 _ -t
" Alrfo11Section (Rock,well_ NASA)
•_ XXXX-64
: : ROOt* b • O. 113 O, ].13
,'£ , m _ _
" Tit) b " 0.1.20 0.120
T i i _" I /
..., ' Datafor (I)of (2) Sides
'"_ Leading EdgeCuff 2
Plan#ottoA_a Ft _ __. '
! LeadingEdge ,',n%ersect$_'usM. L, 0 S_I _00.0
:-i le_di_ EdgeIntorqectsWing@ S%& _
_ 43
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• PRESSURE ORIFICE LOCATION OF LEFT WING PANEL '
215
•"'t
. 209 ZlO 211 212 213 2.14 ! 216 -_,) ..._
" + -VYo 20e _ = 0. 235 IN (CLOCA L - 981 IN)
"" = 110
219
•' 226
I / 227
zts_, z2o _ I 228
' " \ ,'221222 223 224 225 _ I / 229
Yo = 140 _ .. _'----..,......._l I / / 0.299 781 IN,217 '+-"._--,.-....__ . . -"T'__.'T--.,_ W = (CLocAL-)
• //]2332342352_6 237z3si-,,241230/232 239240 i:i
• 231 246
244 245/ 248 251 252 253
242_: ....... zso\\ l/zs5 --Yo = 170 _._: _-: o 4 _-
256 257 259 261 264" 265 o_¢._ .....
273 280 """
........ 271 274 , 278 I_l
• ---270_ 5 276 277 _?,911282 7} = 0.427 IN
69---_,-_._. __ 296 (CLoc,,Yo = 200 2 .... _ ' : _111 -469 LN.)
283f-/ILk.,\ 289zgo/ }1 \
284"I-/-_°"288 '/2921294'25286 9
285^^^ 302 291 293 _nn
_v?30_o_j 304 306 3085""
298\x,_.3o3-.--30__o7/ L, ,n
7"---_ " " • -11 ..v _ = 0.534 IN.
Yo = 250 29j I "_---_'---"_"_"_-_-_ " 323
313 "_"-"-'-/ 316 319Ll-L---'-'_,6
; Yo m,
, 333._37:"+-++_4634_..+,+_4+345 ¢CLocAL-418m.> :_....::]
349 350 .35,1"353--355-357 _1 = 0,.780 IN,
+ Yo = 365 348 ":_-;-----_
358 - 362 363--366 (CLocA L- 258 IN.)
36_ 370 37_3723743_76 = 0. 887 IN.
Yo = 415 367 "'_ 386377 378 37_--380- 383 -- _, (CLocA L -.2_00 IN,)
3 --._...--_-=7-88 ,389 V ,.--.-.---392 _/ = 0. 972 IN.
Yo = 455 3 '
-
39 I (CLocA L 158 IN, )
/43 9"]_' _k,4o0
WING TIP 396 _ _.. + = I. 00
,402 J L4os
.-: --EL_VONS _ FUSELAGE STA 1387
c. Fuselage, Vertical Tail, and Wing Pressure Tap Locations
'" Fiqure 2. - Continued.
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